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Catalyst systems based on transition metal complexes for carbon 
monoxide copolymerization in an aqueous medium 

5 The present invention relates to catalyst systems for the 
copolymerization of carbon monoxide and a-olef inically 
unsaturated compounds, containing, as essential components, 

a) a metal complex of the formula (I) 

10 



15 



20 

where 



R 1 R 2 

\ / 

G M. 

/ \ 
R3 R 4 



L 2 



P 



m[X nG> ] 



(I) 



25 



30 



G is -(CR b 2 ) r -, -(CR b 2 ) s -Si(R a ) 2 -(CR b 2 ) t -, -A'-O-B'- or 

-A'-Z(R 5 )-B'-, 

R5 is hydrogen, or is Ci- to C 2 8-alkyl, C3- to 

Ci 4 -cycloalkyl, C 6 - to Ci 5 -aryl or alkylaryl where the 
alkyl radical is of 1 to 20 carbon atoms and the aryl 
radical is of 6 to 15 carbon atoms, each of which is 
unsubstituted or substituted by functional groups based 
on the elements of groups IVA, VA, VIA or VIIA of the 
Periodic Table of Elements, or is -N(R b ) 2 , -Si(R c ) 3 or 
a radical of the formula II 



35 



40 



(C(R b ) 2 ) q — Z ^,M. 

B' — E 2 

/ \ 

R3 R 4 



R 1 R 2 
\ / 



L2 



where 

45 
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U an integer fro- 0 to 20 and the farther sabstitaents 
in (ID ha ve the same meanings as in U ' 

irnb,) ,- -(CR b 2 )s-Si(R a )2-(CR b 2>t-. -N(R b )-, 
V and B< are each -(CR ^ ^ ^ ^ ^ or> 

to/ether with «. an (r' + l>-. ("»- °' < t+1) " at ° m 
component of a heterocyclic structure, 

independently of one another, are each Or to - 
n .iirvl C- to do-cycloalkyl, C 6 - to C 15 -aryl or 
alClail where ValKyl moiety is of 1 to 10 carbon 
atoms Tna the aryl moiety is of 6 to 15 carbon atoms, 

is the same as R* or is hydrogen or Si(R'b, 

is ci- to C 20 -alkyl, C 3 - to C 10 -cycloalkyl , C 6 - to 
C 5 -aryl or alkylaryl where the alkyl 1 t0 

10 carbon atoms and the aryl moiety is of 6 to 
carbon atoms, 



io Ra 



15 * b 



R c 



25 r ' 



s and t 



is 1, 2, 3 or 4, 
is 1 or 2, 

are each 0, 1 or 2, where 1 < s+t < 3, 



is a nonmetallic element from group VA of the Periodic 
30 Table of Elements, 



M 



is a metal selected from the group VIIIB, IB or IIB of 
the Periodic Table of Elements, 



35 E i and E 2 are each a nonmetallic element from group VA of the 
periodic Table of Elements, 

D 4 each linear or branched C 2 - to C 28 -alkyl, C 3 - to 

" ZcvSoXl or alkylaryl where the alkyl moiety is 

40 o to 28 carbon atoms and the aryl moiety is of to 

15 carbon atoms, each of which is substituted by at 
least one polar protic or ionic functional group based 
2 ements of groups IVA to VIA of the Periodic Table 



45 



on elements 
of Elements 
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formally charged or neutral- ligands. 



L 1 and L 2 are 

are formally monovalent or polyvalent anions. 

5 p is 0, 1. 2, 3 or 4, 

m and n are each 0, 1. 2, 3 or 4, 
10 and p = m x n, 

and 

if required, one or more Lewis or protic acids or a 
15 mixture of Lewis and protic acids. 

catalyst systems for the P"P a " inica ily unsaturated 

- srr- srrr«.n— - * - — — - 

an aqueous medium. 

. catalyzed by transition metals, for the preparation of 

„-olefinically unsaturated «"^\££J^. kn0 wn. For 
as carbon monoxide copolymers or bidentate 

example, •f^^^^^^LT, <» - ^ - = 
phosphine ligands, [Pd(Pn a PK. ai3 ^ monoxide 

tetrahydrofuran (cf . EP A u liaand s whose radicals on 

— V-r^ST. ^s ^ groups have prove* 
4. - — processes, 

iccoroingly. l,3-bis(<lipnenylpho S p»ine>propan e a. . 

cularly 

^■^'^rrSSS'SStlTS Oren^ e,, Chen- 

45 copolymerization is carried out in the stated 
presence of acids. 
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alcohols, such as methanol, has tne hese liquid5 

toxica copolymer '^"^^^L are hound or 

5 absorbed by tne c*l car bon monoxide 

a^ant of ^ urn. mother disadvantage 

T^TLTL ^ of Scoho! still remain la the carhoa 

^LCU after -^-^ST- 

• i« ^^orvarpd in this manner are tneictv^ 
U HM M "r ase as pachagin, material for 
ansaitahle fro- the additions o£ water in 

food. BP-h 485 0 SP= ^ * ^ alcQholic suspmding 

aa.oanta of from 2.5 to 1M y of lwf 

„edium in ^ ^t^c L monoxide copdymer. 
hand, gives rise to problems, m particuia 



20 disposal. 



• rt P disadvantages associated with said suspending 
For overcoming the disadvantag 72 15-7216, 

t<=™ and sen, Macromolecules, (1994), Ai» 
media, Jiang and sen, n alternating carbon monoxide 

describe the preparation of linear alterna « consisting 
25 copolymers in agueous systems using a catalyst sys 

of [Pd(CH 3 CN) 4 ] (BF 4 )2 a" d water-soluble 
lf 3- bis[ di(3-sulfophenyl)phosp /a^ilved is very 

chelate ligand. However, the industria l 
low and therefore unsuitable for a large scale 

30 preparation. 

iqqq 401-402, succeed, in 
verspui et a , Ch«. incre asing the catalyst 

comparison with Jiang ana mon0 xide and ethene, 

3S M ^ C — — form, owing 
" by nsing said chelate iig Hermann at al.. Angew. 

» an proved syntheses method . 1 - the 

ens., drt reared in order to ohtaia 

SSH "tivitieXroved in comparison with dian, and San. 

" f ^0-— XhosPhina.prop.ne can he prepared in 

^'fL/with the aia of.an =i T^JLTSST 
„o -as ae^natratas how ^ ^ ^ ^ 
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structure. 



X, is therefore desirable to be able to ™j£ *'y unsaturated 
copolymerization of carbon « * ^ ^ "wbiob fro. the 
— 'V:Z;IX'.« substitute on tbe 

reproducibility in combination with high efficiency. 

It is an r^:r:r— rcc. 

catalyst system further object of the present 

an aqueous m ediu™ - ^ ^ reproducibly goo d 

invention to provide proce s mQnoxide copoly mers 

catalyst activity linear alternati g 

in an aqueous medium in the presence ox 

20 

Me nave found that these objects are achieved by the catalyst 

«— de£i runefr e Tu^T^~^ -oly,ers and 
25 nrelrLrrr/e^aUon - these carbon —e 
copolymers . 

Preferred novel catalyst systems contain, as active compounds 
30 a) a metal complex of the formula (la) 



R 1 R 2 

\ / 

35 G \ V^L 2 

E 

/ \ 

R 3 R 4 



(la) 



40 



where 



G is -(CBf»2)r- or - (CR» 2 ) "N(R 5 > " <C* b 2> 

45 Rb is hydrogen, C x - to C 10 -alkyl or C 6 - to C 10 -aryl. 
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r is 1, 2, 3 or 4, 

is hydrogen, Cl - to C 10 -alkyl, C,- to Cx.-cyclo.lkyl. 

to C 15 -aryl, or d- to C 10 -alkyl, C 3 - to 
C o-cycloalkyl or C 6 - to C 15 -aryl. each of whxch xs 
substituted by functional groups based on eleven o 
groups IVA. VA, VIA and VIIA of the Perxodxc Table of 
Elements, 

10 M is palladium or nickel 

El and E 2 are each phosphorus, 

15 Ri to R< are each a linear, branched or carbocycle-containing 
C 2 - to C 28 -allcyl unit or C 3 - to C 14 - cycloalkyl unit 
which has at least one terminal' or internal hydroxy!, 
amino, carboxyl, phosphoric acid, ammonium or sulfo • 
gr oup, or an alkylaryl group where the alkyl moxety xs 

20 of 1 to 20 carbon atoms and the aryl moiety xs of 6 to 

15 carbon atoms, the alkyl or aryl moiety bexng 
substituted by at least one hydroxyl, carboxyl, amxno 
acid, phosphoric acid, ammonium or sulfo group, 

25 L x and L 2 are each acetate, trif luoroacetate, tosylate or halide, 



and 
30 b > 



sulfuric acid, p-toluenesulf onic acid, tetraf luoroborxc 
acid trifluoromethanesulfonic acid, perchlorxc acxd or 
trifxuoroacetic acid as the protic acid or *oron 
trifluoride, antimony pentaf luoride or a trxarylborane 



as the Lewis acid. 



35 m a further embodiment, a preferred catalyst system is one in 

which Ri to R 4 in the metal complex (I) are each C 2 - to C 28 alkyl, 
to C 14 cycloalkyl or alkylaryl where the alkyl moxety xs of 1 

to 28 carbon atoms and the aryl .oiety is of 6 to 15 ^ 
40 toms, each of which is substituted by at least one fr e ca boxy 

or sulfo group, the presence of external Lewxs or protxc 

being completely dispensed with. 
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system. 



The bridging structural uni<G> the metal complexes (I) or xn 
Ihe chellte ligandr (Hi) of the novel catalyst system coasts 

5 in general of monoatomic or polyatomic bridge segments. A 

bridging structural unit is understood in principle >*. ^meaning a 
group which links the elements * and E 2 to one another. Such 
structural units include, for example, substituted or 
^substituted alkylene chains or those alkylene chaxns xn which 

10 an alkylene unit is replaced by a silylene group, an amxno or 
phosphino group or an ether oxygen. 

Preferred monoatomically bridged structural units are those 
having a bridging atom from the group IVA of the Perxodxc Table 
15 of Elements, such as -C(R*») a - or -SlttWa-. where R*, 

independently of one another, are each in particular linear or 
branched Cl - to C 10 -alkyl, for example methyl, ethyl xsopropyl or 
tert-butyl, C,- to C 6 -cycloalkyl, such as cyclopropyl or 
cyclohexyl, C 6 - to C 10 -aryl, such as phenyl or napbthyl, C*- to 

20 cL-aryl substituted by functional groups based on the nonmetallxc 
elements of groups IVA, VA, VIA or VIIA of the Perxodxc Table 
for example tolyl, (trif luoromethyl) phenyl, dimethylamxnophenyl, 
p-methoxyphenyl or partially halogenated or perh al ^enated 
phenyl, or aralkyl where the alkyl moiety xs of 1 to 6 carbon 

25 TZ and the aryl moiety is of 6 to 10 carbon ^'J**^ 
benzyl, and R*> is in particular hydrogen and may furthermore have 
the meanings stated above for *. R* is in particular methyl and 
Rb is in particular hydrogen. 

30 Among the polyatomically bridged systems, the diato f" 11 ^ 

triatomically and tetraatomically bridged structural unxts are to 
be singled out, the triatomically bridged systems generally 
preferably being used. 

^ suitable triatomically bridged structural units are based in 
general on a chain of carbon atoms, for example propylene 
<-CH 2 CH 2 CH 2 -) , or on a bridge unit having a hetero atom from group 
IVA, VA or VIA of the Periodic Table of Elements, such as 

40 silicon, nitrogen, phosphorus or oxygen, in the chaxn skeleton. 

The bridge carbon atom can in general be substituted by Cl - to 
C 6 -alkyl, such as methyl, ethyl or tert-butyl, by C 6 - to C 10 aryl. 
such as phenyl, or by functional groups based on elements of 
45 groups IVA, VA. VIA or VIIA of the Periodic Table of Elements, 
for example triorganosilyl , dialkylamino, alkoxy, hydroxyl or 
halogen. Suitable substituted propylene bridges are, for example. 
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those having a methyl, phenyl, hydroxyl, trif luoromethyl , 
co-hydroxyalkyl or methoxy group in the 2 position. 

Among the polyatomically bridged structural units having a hetero 
5 atom in the chain skeleton, advantageously used compounds are 
those in which Z is nitrogen or phosphorus, in particular 
nitrogen (cf. also formula (I)). R 5 on Z may be in particular 
hydrogen, linear or branched C x - to C 29 -alkyl, in particular C r 
to C 20 -alkyl, such as methyl, ethyl, isopropyl, tert-butyl, 
10 n-hexyl or n-dodecyl, C 3 - to C 14 -cycloalkyl, in particular C 3 - to 
Cs-cycloalkyl, such as cyclopropyl or cyclohexyl, C 6 - to Ci 5 -aryl, 
in particular C 6 - to C 10 -aryl, for example phenyl, or alkylaryl 
where the alkyl radical is of 1 to 20 carbon atoms and the aryl 
radical is of 6 to 10 carbon atoms, for example benzyl. 

15 

Said alkyl and aryl radicals include both ^substituted and 
substituted compounds. The substituted compounds may contain, for 
example, functional groups based on the elements of groups IVA, 
VA, VIA or VIIA of the Periodic Table of Elements. Suitable, 
20 inter alia, are triorganosilyl groups, such as trimethylsilyl or 
tert-butyldiphenylsilyl, carboxyl or carboxylic acid derivatives 
such as esters or amides, primary, secondary or tertiary amino, 
such as dimethylamino or methylphenylamino, nitro, hydroxyl, 
alkoxy. such as methoxy or ethoxy, sulfonate group or halogen, 
25 such as fluorine, chlorine or bromine. For the purpose of the 
present invention, aryl includes substituted or unsubstituted 
heteroaryl, for example pyridyl or pyrrolyl. Alkyl radicals R 
also include long-chain alkylene having 12 to 22 carbon atoms xn 
the chain, which may also have polar protic or ionic functional 
groups, such as sulfo, carboxyl, hydroxyl, amino or ammonium, for 
example in the terminal position. 



30 



Other preferred radicals R 5 are those which have an 
35 electron-attracting substituent. Examples of suitable 

electron-attracting substituents are alkyl groups having one or 
more electron-attracting radicals, such as fluorine, chlorine, 
nitrile or nitro, a or P to Z. Also suitable are aryl groups 
having said electron-attracting radicals and, as radicals bonded 
40 directly to Z, also the nitrile, sulfonate and nitro groups. 
Examples of suitable electron-attracting alkyl radicals are 
trif luoromethyl, trichloroethyl, dif luoromethyl, 
2,2,2-trifluoroethyl, nitromethyl and cyanomethyl. Examples of 
suitable electron-attracting aryl radicals are m-, p- and 
45 o-fluoro- and chlorophenyl , 2,4-dif luorophenyl, 

2 . 4- dichlorophenyl ,2,4, 6 -trif luorophenyl , 

3 . 5 - bis ( tri f luoromethyl ) phenyl , ni trophenyl , 
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2-chloro-5-nitrophenyl and 2-bromo-5-nitrophenyl . In this 
context, carbonyl units are also suitable as R 5 so that, if Z is 
nitrogen, Z and R 5 form a carboxamido functional group. Examples 
of suitable radicals of this type are acetyl and trif luoroacetyl. 

5 

R5 is particularly preferably tert-butyl, phenyl, p-f luorophenyl, 
trifluoromethyl, 2, 2, 2-trif luoroethyl, pentaf luorophenyl, 
3,5-bis (trif luorome thy 1) phenyl and ortho-dif luorophenyl, e.g. 
3, 4 -dif luorophenyl, meta-dif luorophenyl, e.g. 2, 4- dif luorophenyl, 
10 or para- dif luorophenyl, e.g. 2, 5 -dif luorophenyl. 

Suitable units A' and B' in the formulae (I) to (III) are Ci~ to 
C4-alkylene units in substituted or unsubstituted form, for 
example methylene, ethylene, propylene or ethylidene, propylidene 
15 and benzylidene. Methylene, ethylene, ethylidene or benzylidene . 
is preferably used, particularly preferably methylene. 

A' and B' may also be a monoatomic, diatomic, triatomic or 
20 tetraatomic component of an aliphatic or aromatic ring system. 
For example, A' and B' may be a methylene or ethylene unit of a 
cyclopropyl, cyclopentyl or cyclohexyl ring. Suitable ring 
systems are also aliphatic and aromatic heterocycles . 

25 A' and B' may furthermore be a component of a heterocycle which is 
formed from the components A'-Z-R 5 or B'-Z-R 5 , i.e. 
A'-Z-R 5 or B'-Z-R 5 may be, for example, a substituted or 
unsubstituted pyrrolidine or piperidine ring. 



30 Suitable chelating atoms E 1 and E 2 are, independently of one 
another, the nonmetallic elements of group VA of the Periodic 
Table of Elements, nitrogen and phosphorus being preferably used, 
in particular phosphorus. In a preferred embodiment, E 1 and E 2 in 
the compounds (I) and (III) are each phosphorus. 

35 

In the novel catalyst systems, R 1 to R 4 are each C 2 - to C28-alkyl, 
preferably C 3 - to C 20 -alkyl, C 3 - to Ci 4 -cycloalkyl, preferably C 3 - 
to C 8 -cycloalkyl, or alkylaryl where the alkyl moiety is of 1 to 
28, preferably 3 to 20, carbon atoms and the aryl moiety is of 6 

4 °\o 15, preferably 6 to 10, carbon atoms, each of which is 

substituted by a polar protic or ionic functional group based on 
elements of groups IVA to VIA of the Periodic Table of Elements. 
R 1 to R 4 are preferably each linear, branched or 
carbocycle-containing C 2 - to C 2 8-alkyl units or C 3 - to 

45 Ci4-cycloalkyl units which have at least one terminal or internal 
hydroxyl, carboxyl, phosphoric acid, ammonium, amino acid or 
sulfo group, or alkylaryl where the alkyl moiety is of 1 to 28 
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- 10 • n f 6 to 15 carbon atoms, the 
carbon atoms and tha aryl moraty is ^ hydtoxyl , 

alkyl or ary! -U* ^-tino aoro or suHo 9 roup. 

carboxyl, phosphoric acia. 

«f the carboxylic phosphoric. 
5 It is also possible to use salts of ^ amli 

rr/o^=^r3r^.s^.^or 

magnesium carboxylates or sulfonates. 

-inns for said ammonium radicals 
10 Particularly suitable opposite ion^ ^ ^ transition 
are non-nucleophilic anions as al ^ 

metal complexes CD (cf. te> trich ioroacetate and 

p-toluenesulfonate. guitable . 
hexafluorophosphate are v* 

15 r1 to R 4 are for example, 

Particularly suitable alKy! hydroxyl , carboxyl, 

alk ylene units having one or ^ ^ ^ ^ ^ more 

sulfo or ammonium group ^ ^ hydroxyl , ionium 

20 than two polar groups, for examp ^ ^te compound 
20 or carboxyl groups. J^S^ ^ional groups. * to R* 

(I II) may each also have differen ^ 

may also have functional groups in compound3 of 
another. Suitable radicals R to 
25 the formula (IV) : 

-(CR^x-Wi-^).-^ (IV) ' 



where 

30 

R d has the same meaning as R* or is Y, 

» ZX^^^ - SUbStitUt6d bY ^ " " 

k is from 0 to 2 0 if 1 is 0 or X and ; i s cycloal^y, and is 

from 1 to 20 if 1 is 1 and T.is aryl. 

40 

k' is from 0 to 20, 



1 

45 



is 0 or 1 and 
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Y is a polar protic or ionic functional group based on elements 
of groups IVA to VIA of the Periodic Table of Elements. 

Suitable radicals Y are the hydroxyl, amino acid, carboxyl, 
5 nhosohoric acid, ammonium and sulfo group. Preferred 

y o nacic radicals T are cyclopentyl and cyclohexyl ana the 
Marred aryl or arylene unit T is phenyl or phenylene. 
respect^ As a rule. * is fro, 2 to 20. preferably from to 
it and *• is preferably fro, 0 to 10, in particular from 1 to 8. 

10 

The preparation of suitable propylene-bridged compounds having 
helate ligands can be carried out, for example starting r m 
the commercially available 1 . 3 -dibromopropane . A double Arbuzov 
reaction, for example with triethyl phosphite gives 
15 1 3-bisphosphonic acid derivatives, which can be converted by 
reduction, as described in Methoden der organischen Chemie 
"weyl>. 4* Edition, Volume XII/1, Part 
Verlaa 1963, page 62, into 1, 3-diphosphinopropane. Suitable 
SS, agents are, for example, lithium aluminum hydride and 
20 diisobutyl aluminum hydride. Via a hydrophosphination reaction 
with functionalized olefins, 1, 3-diphosphinopropane provides a 
flexible route to substituted bisphosphines The 
hydrophosphination takes place in general via a free radical 
. mechanism and can be initiated thermally, P*°t°™ ™£ « tt 
25 of a free radical initiator. For thermal initiation, in 

eL tLjeXes of from 20 to 10 0 o C and pressures of from 0 1 
t bar are reguired. A suitable free radical^ or is for 
example, di-tert-butyl peroxide or azobisisobutyronitrile. For 
^chemical initiation, as a rule the UV rad lation o a 
30 high-pressure mercury lamp over a period of from 2 to 48 hour- 
sufficient for quantitative hydrophosphination. In general, 
nt ^products are obtained in the hydrophosphination 

by means of processes involving free radical initiation. 

35 For the preparation of chelate ligands having radicals to * 
which carry carboxyl groups, it is proven advantageous to start 
from olef inically unsaturated compounds which have been 
derivatized with corresponding carboxylic ester groups and to use 
dft them in the hydrophosphination reaction. The free carboxylic 
40 ac"s can then be obtained by means of hydrolysis by Known 
methods. 

in addition, suitable compounds having chelate lHans oan also be. 
« re area under conditions of acid catalysis^ The -ducta 

obtained by this process are often present as a mixture owing to 

:„:"::.erL.tio„ of « «*» 
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reaction conditions. The hydrophosphination step is described, 
for example, in Methoden der organischen Chemie (Houben-Weyl) , 
4th Edition, Volume XII/1, Part 1, Georg Thieme Verlag, 1963, 
pages 25 to 28. 

5 

In general, all olefins covered by this class of compounds are 
suitable for said hydrophosphination reaction, provided that they 
have a polar protic or ionic functional group. For example, 
propylene radicals and C 4 - to C 28 -alkenes having at least one 
10 internal or terminal double bond, which have at least one 
hydroxyl, amino acid, carboxyl, phosphoric acid, ammonium or 
sulfo group, are suitable. Also suitable are olefinic compounds 
having aromatic radicals, it being possible for the functional 
group to be present both on the aliphatic and on the aromatic 
15 radical, for example 4- (1-pentenyl) benzoic acid or 

3-phenylpent-5-enecarboxylic acid. Furthermore, olefinic _ 
compounds having aliphatic carbocyclic structures in the alkylene 
chain are suitable as substituents. Cyclic olefins, such as 
cyclohexen-3-ol or cycloocten-4-ol, may also be used. It is of 
20 course also possible to employ olefins having a plurality of 
polar protic or ionic functional groups. Suitable alkenes having 
an a-olefinic double bond are preferably used in the 
hydrophosphination reaction of the a,<o-bisphosphines. Suitable 
alkenes of this type include, for example, hetero atom-containing 
25 a -olefins, such as (meth) acrylates or (meth) acrylamides and 
homoallyl or allyl alcohols. 

Particularly preferably used radicals to R< are those in which 
the hydrophilic character induced by the polar protic or ionic 

30 functional groups is sufficient to make the metal complex (I) 
completely water-soluble. The larger the number of functional 
groups on the radicals R* to R«, the greater may be the lipophilic 
aliphatic or aliphatic-aromatic fraction. Examples of preferred 

_ radicals R* to R* each having a hydroxyl group are those having 2 

35 to 15 carbon atoms in the alkyl unit. 

In a particularly preferred embodiment of the chelate ligand 
(III) , alkyl substituents R* to R 4 having a hydroxyl group are 

40 each of 4 to 12, in particular 4 to 7, carbon atoms, alkyl 

substituents R* to R« having a carboxyl group are each of 4 to 15, 
in particular 5 to 12, carbon atoms, alkyl substituents f to R 
having a sulfo group are each of 4 to 18, in particular 5 to 15, 
carbon atoms and alkyl substituents R* to R< having an ammonium 

45 group are each of 4 to 22, in particular 5 to 20, carbon atoms. 
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Examples of suitable chelate ligands (III) are 

1 , 3 - bis (di - 5 - hydroxypentyl ) phosphinopropane , 

1, 3 -bis (di - 6 -hydroxyhexyl) phosphinopropane, 

1 , 3 - bis (di - 7 - hydroxyheptyl ) phosphinopropane , 
,5 1, 3 -bis (di - 8 -hydroxyoctyl) phosphinopropane, 

1, 3 -bis (di (3 -hydroxycyclopentyl) propyl) phosphinopropane, 

1 , 3 -bis [di - 5 - sulf opentyl] phospinopropane, 

1 , 3 -bis [di - 6 - sulf ohexyl] phosphinopropane , 

1 , 3 -bis [di - 7 - sulf oheptyl] phosphinopropane, 
10 1,3 -bis [di - 8 - sulf ooctyl] phosphinopropane, 

1,3 -bis [di (3- (sulf ocyclopentyl) propyl] phosphinopropane, 

1 , 3 -bis (di - 5 -pen tanoyl) phospinopropane , 

1 , 3 - bis (di - 6 -hexanoyl ) phospinopropane , 

l,3-bis(di-7 - hep tanoyl ) phosphinopropane , 
15 1, 3 -bis (di - 8 -oc tanoyl) phosphinopropane, 

bis [ {di -5 -hydroxypentyl) phospinomethyl]phenylamine, 

bis [ (di-6-hydroxyhexyl)phosphinomethyl]phenylamine, 

bis [ (di-7-hydroxyheptyl)phosphinomethyl]phenylamine, 

bis [ (di-8-hydroxyoctyl)phosphinomethyl]phenylamine, 
20 bis [ (di (3 -hydroxycyclopentyl) propyl] phenylamine, 

bis [ (di-5 - ( sulf opentyl) phosphinomethyl] phenylamine, 

bis [ (di-6 - (sulf ohexyl )phospinomethyl] phenylamine, 

bis [ (di -7 -sulf oheptyl) phosphinomethyl] phenylamine, 

bis [ (di - 8 - sulf ooctyl) phosphinomethyl) phenylamine, 
25 bis [ (di (3 - sulf ocyclopentyl) propyl )phospinomethyl] phenylamine, 

bis [ (di- 5 -pentanoyDphospinomethyl] phenylamine 

bis [ (di- 6 -hexanoyl )phospinomethyl] phenylamine, 

bis [ (di- 7 -hep tanoyl) phosphinomethyl] phenylamine and 

bis [ (di - 8 - oc tanoyl ) phosphinomethyl] phenylamine . 

30 

Particularly preferred among said compounds having chelate 
ligands are those in which R 1 to R 4 are each a hydroxyl- or 
carboxyl-substituted hexyl, octyl, cyclopentyl or cyclohexyl 
radical. 

35 

Suitable metals M of the novel catalyst system are the metals of 
groups VIIIB, IB and IIB of the Periodic Table of Elements, i.e. 
mainly the platinum metals, such as ruthenium, rhodium, osmium, 
iridium and platinum and very particularly preferably palladium, 

40 

in addition to iron, cobalt and nickel. In the complexes (I), the 
metals may be formally neutral, formally bearing a single 
positive charge or preferably formally bearing a double positive 
charge . 

45 

Suitable formally charged inorganic ligands L 1 and L 2 are hydride, 
halides, sulfates, phosphates or nitrates. Carboxylates or salts 
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of organic sulfonic acids, such as methylsulf onate, 
• trifluoromethylsulfonate or p-toluenesulf onate, are also 
suitable. Among the salts of organic sulfonic acids, 
p-toluenesulfonate is preferred. Preferred formally charged 
5 ligands L 1 and I> 2 are carboxylates, preferably C x - to 
C 20 -carboxylates, in particular Cl - to c 7 -carboxylates e 
acetate, trif luoroacetate. propionate, oxalate, citrate or 
benzoate. Acetate is particularly preferred. 

10 Sui table formally charged organic ligands L 1 and L 2 are also 

aliphatic Ci- to C 20 -radicals, cycloaliphatic C 3 - to C 30 -radicals, 
cLc 20 -aral k yl radicals having C 6 - to C 14 -aryl radicals 
to C 6 -alxyl radicals and aromatic C 6 to C 20 radicals, or example 
methyl, ethyl, propyl, isopropyl. tert-butyl n-pentyl 

15 isopentyl, cyclohexyl, benzyl, phenyl and aliphatically or 
aromatically substituted phenyl radicals. # 

Suitable formally neutral radicals L 1 and L 2 are in general Lewis 
bases i e. compounds having at least one free electron pair 
20 Part ^u ar y suitable are Lewis bases whose free electron pair or 
lose free electron pairs is or are present on a nitrogen or 
oxygen atom, for example nitriles, R-CN, ketones, ^hers, 
alcohols or water. Cl - to C 10 -nitriles, such as -etonitrile 
propionitrile or benzonitrile, or C 2 - to C^etones, such a. 
25 acetone or acetylacetone, or C 2 - to C 10 -ethers, such ^ dimethyl 
ether, diethyl ether or tetrahydrofuran, are preferably used. In 
Particular, Icetonitrile, tetrahydrofuran or water is used. 

in principle, the ligands L> and L 2 may be present in any desired 
30 igan c Ration, i.e. the metal complex (I) may contain for 
exLple, a nitrate and an acetate radical, a p-toluenesulfonate 
an7an cetate radical or a nitrate and a foully charged 
organic ligand, such as tert-butyl. L 1 and L 2 are preferably 
35 present as identical ligands in the metal complexes. 

Depending on the formal charge of the complex fragment containing 
the metal M, the metal complexes contain anions X. 
M-containing complex fragment is formally neutral, the novel 

contaiiiiuy v advantaqeous to use anions 

40 complex (I) contains no anion X. It is advantageo 

X which have very little nucleophilic character, i.e. very little 
tendency to have a strong interaction, whether ionic, coordinate 
or covalent, with the central metal M. 

« Suitable anions X are, for example, perchlorate, sulfate, 
phosphate, nitrate and carboxylates, for example ac ^ e ' 
trifluoroacetate. trichloroacetate, propionate, oxalate, citrate 
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or benzoate, and conjugated anions of organosulfonic acids, such 
as methylsulfonate. trif luoromethylsulf onate and 
para-toluenesulfonate, and furthermore tetraf luoroborate, 
tetraphenylborate, tetrakis (pentaf luorophenyl) borate, 

5 tetrakis [bis(3,5-trifluoromethyl)phenyl]borate 

hexafluorophosphate, hexaf luoroarsenate or hexaf luoroantimonate. 
Perchlorate, trifluoroacetate, sulfonates, such as 
me thylsulfonate, trif luoromethylsulfonate or P-tolu«e.uW«ate. 
tetraf luoroborate or hexafluorophosphate are preferably used, xn 

10 particular trif luoromethylsulfonate, trifluoroacetate, 
perchlorate or p-toluenesulf onate. 

Examples of suitable defined transition metal complexes are: 
[1 , 3 -bis (di - 5 - hydroxypentyl ) phospinopropane] palladium {ID 
15 acetate, 

[1 , 3 -bis (di- 6 -hydroxyhexyl) phosphinopropane] palladium(II) 
7lT-bis (di(3-hydroxycyclopentyl)propyl)phosphinopropane] - 

palladium(II) acetate, „„«....■„ 
20 [1,3-bis (di-8-hydroxyoctyl)phospinopropane]palladium(II) acetate 

U d 3-bis ( di-3-hydroxycyclohexyl)propyl)phospinopropane] - 
palladium (II) acetate. 

25 The transition metal complexes described are soluble at least in 
small amounts in water. As a rule, these metal complexes are 
readily to very readily soluble in water. 



30 



Defined transition metal complexes (I) can be prepared by the 
following processes. 



For the neutral chelate complexes (p = 0) , the preparation is 
carried out by exchange of weakly coordinating ligands, for 

35 example 1, 5-cyclooctadiene, benzonitrile or 

Tetramethylethylenediamine. which are bonded to the -resp-d.ng 
transition metal compounds, for example transition metal halides, 
transition metal (alkyl) (halides) or transition 
metal-diorganyls, for the novel chelate ligands of the formula 

40 (III) having the meaning described above. 

The reaction is carried out in general in a polar solvent, for 
example acetonitrile, acetone, ethanol, diethyl ether 
dichloromethane or tetrahydrofuran or a mixture therof, at from 
45 -78 to +60°C. 
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■«*««.. nentra! ""f^r^U^V -"tin/" 
each carboxylate. e.a. acetate can P ^ ugands 

—V- 1 "- '^nl a atone. eth.no!. aiethyl ether. 
5 Xnr/ea « a- - nsea Here. 

Th a reaction of - ^ITx^lS ~ 

organometallic compounas 01 , v uthitm. aluminum. 
10 Jmple ft- to Cs-alW a ' s . £or ther method of 

M5 ne S i«. tin. ana sine » « ^ „. as de£i ned 

synthesis, formally char,* » harge<J aliphatic. 

f-n (n=l) can be obtained, 
Monocationic complexes of the for™ a J» «r ^ 
for example, by reacts , (chela lw „ llh 
20 (orcano. or (chelate lioana) met ^ ^ re 

stoichiometric amounts of • »"* solvents, for exarole 

carriaa out "JTonttrile Tr t trahyorofuran. at fro- -78 to 
acetonitrile, benzonitriie o 

65°C. 

n n 5 M'X fulfil the following 
It is advantageous if e ^ b ly form sparingly soluble 

criteria. The metal M' »~^ chl * r ide. The salt anion 

3Q S.^ - rn^eophilic anion X as defined above. 

nf cationic complexes are silver 
-...« for the formation of catio«^ 
Suitable salts for the hosphate , silver 

tetrafluroborate, sxlve ^ perch iorate. silver 
trifluoromethanesulfonate s ate and silV er 

35 para-toluenesulfonate. silver 

trichloroacetate. 

,„ - 2) are prepared similarly to the 
The dicationic complexes (p - 2) ^ ^ (chelate 

mo nocationic complexes except hat ^ (dihalo) 

40 ligand) m etal (diacetate) and (chel ^ ^ (chelate 

sr-s zizr^ or *. — 

(halo) (organo) complexes. 

«. tsattion of ^^rSS^ 

ric-iorrtL'a-itionic «. — • - 



45 



0050/49169 

17 

identical or different weak ligands, for example acetonitrile, 
benzonitrile or 1, 5-cyclooctadiene. and M and X have the meanings 
defined above. 

5 A preferred process for the preparation of the metal complexes of 
the formula (I) is the reaction of the dihalo metal precursor 
complexes with silver salts containing noncoordinating anions. 

The copolymer ization of carbon monoxide and a-olef inically 
10 unsaturated compounds in the presence of the novel catalyst 
system is carried out in an aqueous medium. The polymerization 
mixture is preferably vigorously mixed in order to obtain 
reproducibly good productivities. Suitable stirring tools such 
as anchor stirrers or helical ribbon impellers, may be used for 
15 this purpose. Suitable stirring speeds are from 250 to 1100 rpm. 
preferably above 290 rpm. 

The carbon monoxide copolymer can in principle be obtained by two 
9n different procedures. In one preparation process, the 

abovementioned defined transition metal complexes I) are used 
These complexes are prepared separately and are added as such to 
the reaction mixture or initially taken in the reaction 
container. In a further preparation process, ^ 
2 , forming the catalytically reactive species are added individually 
to the reaction mixture. In this in situ generation of the 
catalyst, in general the metal M in salt form or as a complex 
salt is fed to the reaction vessel. Furthermore, the chelate 
ligand compound (III) and, if required, an activator compound are 
,n added The addition of the activator species can be dispensed 
30 with if L chelate ligand (III) has radicals * to R* which have 
at least one free sulfo or carboxyl group. 

As a rule, the use of defined metal complexes (I) is associated 
35 with higher productivities than those of the in situ process. 
Suitable olef inically unsaturated monomer compounds in said 
processes for the preparation of carbon monoxide copolymers are 
both pure hydrocarbon compounds and hetero atom-containing 
a-olef ins, such as (meth) acrylates or (meth) acrylamides and 
40 homoallyl or allyl alcohols, eth.rs or halides. Among the . pure 
hydrocarbons. C 2 - to C 20 -l-alkenes are suitable. Among these, the 
low molecular weight a-olef ins, e.g. a-olef ins of 2 to 8 carbon 
atoms, such as ethene, propene, 1-butene, 1-pentene, 1-hexene or 
1-octene, are noteworthy. It is of course also possible to use 
45 cylic olefins, e.g. cyclopentene, aromatic olefin compounds, such 
as styrene or a-methylstyrene, or vinyl esters, such vinyl 
acetate. Ethene or propene, in particular ethene, or a mixture of 
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ethene with a low molecular weight a-olefin, such as propene or 
1-butene, is particularly preferably used. 

The molar ratio of carbon monoxide to a-olefin or to a mixture of 
5 a-olefins is as a rule from 5:1 to 1:5, usually from 2:1 to 1:2. 

The copolymerization temperature is in general adjusted to from 0 
to 200°C, copolymerization preferably being effected at from 20 to 
130°C. The pressure is in general from 2 to 300, in particular 
from 20 to 220, bar. 
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Suitable activator compounds can be used for activating the 
catalyst. Suitable activator compounds are both mineral protic 
15 acids and Lewis acids. Suitable protic acids are, for example, 
sulfuric acid, nitric acid, boric acid, tetraf luoroboric acid, 
perchloric acid, p-toluenesulfonic acid, trif luoroacetic acid, 
trif luoromethanesulfonic acid and methanesulf onic acid. 
p-Toluenesulfonic acid and tetraf luoroboric acid are preferably 

20 used - 

Suitable Lewis acids are, for example, boron compounds, such as 
triphenylborane, tris (pentaf luorophenyDborane, 
tris(p-chlorophenyl)borane or 
25 tris(3,5-bis(trifluoromethyl)phenyl)borane, or aluminum, zinc, 
antimony or titanium compounds having a Lewis acid character. 
Mixtures of protic acids or Lewis acids and protic and Lewis 
acids as mixture may be used. 

30 The molar ratio of activator to metal complex (I) , based on the 
amount of metal M, is in general from 60:1 to 1:1, preferably 
from 25:1 to 2:1, particularly preferably from 12:1 to 3:1 where 
the functional groups of the radicals R 1 to R 4 are not sulfo or 
carboxyl functionalities. Of course, activator compound b) can be 

35 added to the polymerization mixture also in the case of metal 
complexes having chelate ligands which carry the abovementioned 
functional acid groups. 
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The carbon monoxide copolymerization can be carried out either 
batchwise, for example in a stirred autoclave, or continuously, 
for example in a tube reactor, loop reactor or stirred kettle 
cascade. 

In the novel polymerization process in an aqueous medium, average 
catalyst productivities which are in general based on 0.5 kg of 
polymer per g of metal per h are obtained. Productivities greater 
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than 0.7 kg of polymer per g of metal per h can also be 
reproducibly achieved. 

With the aid of the novel catalyst systems, the use of 
5 halogenated or aromatic hydrocarbons is avoided. Moreover, 
expensive separation operations are dispensed with. The novel 
processes accordingly provide an economical route for the simple 
preparation of linear, alternating carbon monoxide copolymers. 
Finally, the catalysts obtainable by the novel processes have a 
10 constantly high average catalyst activity even after a reaction 
time of several hours. 

The examples which follow illustrate the invention. 

15 

Examples 

I) Preparation of the chelate ligand compounds 
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20 General procedure 

i) Preparation of propane-1, 3-bis (di-ethyl phosphonite) 

Triethyl phosphite (696 ml) was added to 1,3-dibromopropane 
(102.5 ml) and the mixture was heated slowly to 140°C. The 
resulting bromoethane was removed by distillation. After the 
evolution of bromoethane had declined, the reaction 
temperature was increased to 155°C and the reaction was kept 
at this temperature for 24 hours. Further triethylphosphite 
(696 ml) was added dropwise and the reaction was stopped 
after a further 24 hours by separating off excess triethyl 
phosphite by distillation. Monosubstituted product was 
removed by distillation at 150°C under greatly reduced 
pressure. The remaining distillation residue was 
propane-1, 3-bis (diethyl phosphonite). Yield: 86%. 

ii) Preparation of 1, 3-diphosphinopropane 

40 A solution of propane-1, 3-bis (diethyl phosphonite) (103.3 g) 
in absolute diethyl ether (100 ml) was slowly added at 0°C to 
a suspension of L1AIH4 (25 g) in diethyl ether (200 ml) . 
After the end of the addition, the reaction temperature was 
brought to room temperature and the reaction was stirred for 

45 16 hours at this temperature. To hydrolyze excess L1AIH4, 
degassed and argon-saturated 6 molar hydrochloric acid was 
slowly added. The organic phase separated off was dried over 
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sodium sulfate. The aqueous phase was thoroughly mixed with 
diethyl ether and the diethyl ether phase was dried over 
sodium sulfate after phase separation and was combined with 
the abovementioned organic phase. 1, 3-Diphosphino P ropane was 
obtained by distillation at 140°C under atmospheric pressure. 
Yield: 61%. 



iii) Preparation 



of water-soluble chelate ligand compounds 



10 Bis (di -7 -hydroxyheptyDphosphinopropane, 

1 3-diphosphinopropane (1.08 g) and 6-hepten-l-ol (44 mmol) . 
which was repeatedly degassed and saturated with argon were 
exposed to UV light from a high-pressure mercury lamp for 24 
hours in a Schlenk-type quartz tube. In the case of higher 
15 olefins, the reaction vessel was additionally heated in order 
to reduce the viscosity of the reaction mixture. By 
separating off the excess olefin component by distillation, 
the desired chelate ligand compound was obtained virtually 
quantitatively. 
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Bis(di-5-hydroxypentyl) - , bis (di-6 -hydroxyhexyl) - , 
bis(di-8-hydroxyoctyl) - and 

bis(di(3-hydroxycyclopentyl)propyl)phosphinopropane were obtained 
25 similarly to the abovementioned method. 

The starting compounds 1-pentenol, 1-hexenol and 
3-hydroxy-3-cylopentylpropene were obtained as follows: 

30 4-penten-l-ol was prepared from 4-pentenoic acid, commercial ly 
available from Aldrich, by means of LiAl 4 reduction. 6-Heptenoic 
acid and 7-octenoic acid were converted into 6-hepten-l-ol and 
7-octen-l-ol, respectively, in a similar manner. 

35 5-Hexen-l-ol was obtained from Fluka and was used without further 
purification. 
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3-Hydroxy-3-cyclopentylpropene was prepared from allylmagnesium 
chloride and cyclopentane via a Grignard reaction. 

II) Preparation of defined transition metal complexes 



i) Preparation of (1, 3-bis (di- 5-hydroxypentyl)phosphino- 
45 P ropane]palladium(II) acetate 
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0.9 g of 1, 3-bis (di-5-hydroxypentyl)phosphino propane was 
dissolved in 10 ml of repeatedly degassed and argoh-saturated 
ethanol and slowly added dropwise to a solution of 
palladium(II) acetate (0.44 g in 15 ml of degassed, 
5 argon-saturated acetonitrile) . To complete the reaction, 
stirring was continued for a further 20 minutes at room 
temperature. The solvent mixture was removed under reduced 
pressure and the defined Pd complex was isolated as a highly 
viscous, brown-yellow oil. 

.0 

ii) Preparation of 

[1,3 -bis (di - 6 - hydroxyhexyl ) phosphinopropane] pal ladium ( II ) 
acetate 

The reaction was carried out similarly to II) i). The chelate 
ligand used was 1, 3-bis (di-6 -hydroxyhexyl) phosphinopropane. 



iii) Preparation of 
20 [ 1 , 3-bis (di ( 3 -hydroxycyclopentyl ) propyl ) phosphinopropane] - 

palladium (II) acetate 

A mixture of 

1, 3-bis (di (3-hydroxycyclopentyl)propyl)phosphinopropane in 
25 20 ml of dichloromethane was added dropwise to a solution of 

0.25 g of palladium(II) acetate in 20 ml of acetonitrile at 
room temperature. After stirring at room temperature for 16 
hours, the solvent mixture was removed under reduced 
pressure. The desired Pd complex was isolated as a red solid. 

30 

III) Copolymerization of carbon monoxide and ethene 

Distilled water (100 ml), the desired amount of 
35 [ 1 , 3 -bi s ( di - 6 - hydroxyhexyl ) phosphinopropane] pa 1 ladium (II) 

acetate and p-toluenesulf onic acid (five times the molar 
amount, based on the amount of catalyst used) were introduced 
into a 300 ml autoclave. The reaction vessel was first 
evacuated and was flooded with nitrogen. The nitrogen 
4Q atmosphere was displaced by .a 1:1 carbon monoxide/ethene 

mixture and the polymerization was carried out at the desired 
pressure and the desired temperature over a preselected 
period at a stirrer speed of 300 rpm. The reaction conditions 
were kept constant during the polymerization. The reaction 
^ 5 was stopped by cooling and letting down the pressure on the 

reaction vessel. The copolymer isolated by filtration was 
washed with methanol (500 ml) and acetone (200 ml) and dried 
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at 80°C over a period of 5 hours under greatly reduced 
pressure. 

The copolymerization parameters and results are shown in Table 1 
below: 
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Exp. 



2 

3 c) 



Amount of 
catalyst 

[mmol] 



0.009 



0.017 



0.01 



0.01 



Dura- 
tion 

[h] 



Pres- 
sure 

[bar] 



80 
80 



80 



60 



Temp. 



[°C] 



80 



Activity 

[kg(PK) a) / 
q(Pd) /h] 



0.542 



Viscosity 
VZ b) 



[ml/gj 



60 



80 



90 



0.366 



0.761 



170 



667 



n.d.d) 



a) PK = carbon monoxide/ethene copolymer 

b) Determined in a 0.5% strength by weight 
o-dichlorobenzene/phenol (1:1) solution with the aid of a 

20 capillary viscometer. 

c) Comparative experiment: 
[l,3-bis(diphenylphosphino)propane]palladium(II) acetate was 

used as catalyst. 

d) n.d. = not determined 
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